ree aquatic products, tilapia sh, lobster and crab, were collected from the landing site of shermen in Makoko, a shing suburb in Lagos State, Nigeria. ey were analyzed for their proximate composition, and concentration of heavy metals (Cr, Cd, and Pb) was also measured in them. e nutrient values varied among the three organisms. e lobsters and crabs had higher protein values while tilapia was richer in lipid and moisture content. In most cases, these di erences were not signi cant. e concentration of heavy metals also di ered in the three organisms. All organisms had high concentrations of the three heavy metals analyzed. e heavy metal load as observed in this study is consistent with some previously reported values in literature. Plausible reasons for these di erences were discussed in light of size, trophic level, choice of food of the organisms, and anthropogenic activities. It may be advisable that heavy metal concentrations are regularly monitored in edible aquatic food products so that human health is not at risk.
Introduction
Any life form in the sea is seen as food by man as seafood.
is can range from sh, shell sh, shrimps, oysters, and so on. Seafood has primarily been a component of the diet of man in several countries and is a signi cant nutrient source, particularly of highly edible proteins [1] . ey are also an outstanding source of vitamins, minerals, and omega-3 fatty acid, a daily nutrient requirement recommended by the American Heart Association. In addition to improving brain development, omega-3 fatty acid has been shown to give protection against stroke and heart disease.
Fish is a typical example of seafood. It is a very vital source of animal protein from the tropical environment, and it is agreed to be a genuine source of important nutrients for maintaining a healthy body [2] . Compared to other sources of protein, sh are well known to be excellent sources of protein as they contain all the naturally occurring amino acids [3] . Tilapia is the common name for sh species in the family Cichlidae. One of the species in the Tilapia group is Oreochromis niloticus. It is a widely cultured species, occurring in the freshwater habitat. ey are primarily vegetarian; their diet consists of readily abundant algae and plankton, thus contains low level of mercury [4] . O. niloticus is regarded as low in calories, saturated fat, potassium, carbohydrates and sodium, phosphorus, niacin, selenium, and vitamin B12, but a good protein source [5] .
Crabs are an essential shery product. Crabs are broadly dispersed in the tropical and calm areas of the world. Furthermore, they rank highly together with lobsters and shrimps for the shery value they support and for their esteemed seafood delicacy [6] . Not only do crab species all over the world provide a direct food source, they are also used as fertilizers and as food additives [7] . Its taste makes it a delicacy everywhere it is found around the world. It contains minerals like calcium, copper, zinc, phosphorus, and iron in abundance with less amounts of chromium and selenium [8] .
Lobsters are invertebrates that feed mainly on fish and mollusks, but also consume plant life especially algae. Lobsters are rich in copper, selenium, zinc, phosphorus, vitamin B12, magnesium, and vitamin E. ey are highly prized, economically important seafood and can be profitable commodities in the waters they inhabit. Over the decades, lobsters have been widely fished throughout much of the West Africa [9] . A report suggests that individuals consuming shellfish like lobsters may reduce their risk of myocardial infarction by more than 50% [10] .
e contributions of heavy metal, through effluents and runoff from agricultural lands, to environmental pollution cannot be overemphasized. Reduction in the quality of water and other edible aquatic life are just a few of the consequences of heavy metal discharge into the aquatic ecosystem. Furthermore, adverse biological effects in the form of an aquatic organism's survival, reproductive ability, metabolism, growth, and activity are other impacts of heavy metal pollution [11] .
Due to the trophic level of fish in the aquatic food chain, accumulation of heavy metals from any of water, sediments or food becomes very easy [12, 13] . All the valuable health benefits of fish may suddenly become detrimental if heavy metals store up in their bodies over a long time period [14] .
is can be in the form of damage to the kidney, liver, cardiovascular diseases, and in extreme cases, even death [15, 16] . Other aquatic products like shrimps, lobsters, and crabs are also considered to be major sources of heavy metals for the consumers [17] . ey have been discovered to have a high sensitivity to metals and can accumulate high concentrations of metals from their environment [18] . ese elements are eventually passed to higher levels of food chain and finally to human beings [19, 20] .
ere is a lot of research on heavy metal studies and proximate composition (moisture, ash, lipid, crude protein, and carbohydrate contents) of fish. However, there is a neglect of other edible aquatic products. e nutraceutical benefits of seafood have encouraged its continuous consumption. It may therefore be imperative to determine the concentrations of heavy metals in these seafoods as well as provide information on their nutritional composition in order to help make informed decision when aquatic products are to be consumed.
Materials and Methods
e study area, Makoko, with coordinates 6°29′ 44″ N, 3°2 3′ 39″ E is shown in Figure 1 below. It is situated in Makoko, one of three small communities on the coast of Lagos mainland, Lagos State, Nigeria. It is entirely a fishing community. e water in this community is an overflow from the open sea, with a tendency to become brackish especially during peak periods of the rain. Hence, the catches from this water body cut across both salt and fresh water. It has a sandy bottom, but it is murky water due to serious anthropogenic activities that is ongoing in the area. Industrial activities around the coastlines also abound.
Sample Collection.
e aquatic products, tilapia fish, lobsters, and crabs were bought directly from fishermen at their landing site around the Makoko market, Lagos State, Nigeria. 20 samples each of the fish, crab, and lobsters were used for this experiment. e samples were taken in ice cold box to the laboratory where they were weighed, measured, and kept at −20°C until analysis. All samples of fish, lobsters, and crabs were washed thoroughly, and the fillets were taken for determination of the proximate composition.
Proximate Analysis

Moisture Content.
e amount of moisture in the organisms was determined according to AOAC [21] . Samples were dried in an air oven at 101°C for about 10 hours until constant weights were obtained, cooled in a desiccator, and reweighed. Moisture content was taken to be the differential between fresh and dry weights.
Ash Content.
Dried samples obtained in the process of moisture content determination were heated in a muffle furnace at 550°C for several hours. e percentage of ash was calculated by subtracting the weight of ash from the initial weight.
Crude Protein Content and Carbohydrate.
Crude protein was analyzed by the Kjeldahl method [21] . e samples went through the three essential steps of digestion, distillation, and titration using a conversion factor of 6.25 to convert total nitrogen to crude protein. e percentage of protein in the samples was calculated thereafter. Subtracting the sum of fat content, protein content, ash content, and moisture from 100 gave the total carbohydrate content [22] .
Fat Content.
Crude fat was determined by weighing 5 g of each sample wrapped in a filter paper in a Soxhlet apparatus using petroleum ether. is was done each for 4 hours. e extracted materials left after the solvent had evaporated were weighed, and the fat content was calculated.
Heavy Metal Analysis.
Frozen samples of each of the aquatic product were thawed. e fishes were dissected, and their muscles and livers were removed using dissecting equipment and separately analyzed. Body parts of both the crabs and lobsters were also taken for this analysis. 1 g of oven-dried samples was made into fine powder for digestion.
e samples were digested with concentrated nitric and hydrochloric acid in the ratio 3 : 1, and the mixture was placed on a water bath until the colour changes. e resulting solution was cooled, filtered into a 100 ml standard flask and made to mark with distilled water [23] . e heavy metals (chromium, cadmium, and lead) were determined using flame furnace atomic absorption spectrophotometry (S Series ermo Electron USA). Each sample set has its own blank, while correction/adjustment was made through reference to the blank. In the course of the experiment, glassware were washed with acid and distilled water twice. All reagents were of analytical grade. Certified reference material was checked to ensure of the analytical procedure.
Statistical Analysis.
e heavy metal values were means of three measurements. e proximate values for the three aquatic products were means for ten organisms. One-way ANOVA was used to determine significant differences in levels of heavy metals among fish (liver and muscle), lobsters, and crabs. Duncan test was used for mean comparison.
Results
e average weights and lengths of the three aquatic organisms used for this study are represented in Table 1 . e table also compares the diets of the organisms. e tilapia fish is the biggest in size among the three aquatic organisms as can be seen from the table. is probably is because there is a maximum limit to which the other two organisms can grow. e crabs are next in size, and the lobsters are of the smallest size. ere is a similarity in the food items consumed by the three aquatic organisms. Plant material (phytoplankton, algae) cuts across their foods. It can also be said that the organisms use varieties of aquatic life as food; hence, they are flexible in their choice of food.
e percentage mean proximate composition of the three aquatic organisms is presented in Table 2 . Crude protein is highest in crab, closely followed by lobster, and least in the tilapia fish. ese difference in these values are however not statistically significant. Ash content is also highest in crab though it is followed by tilapia and lobster has the least Ash content. Statistically, these values also do not reveal any significant difference between them. Moisture and content, as expected, form the bulk of the proximate values in the body of the organisms. It is highest in tilapia fish, followed by lobster, and lowest in the crab. Furthermore, these values are not statistically different.
e proximate values for the fat content are similar to what is observed in moisture content in following the order of being highest in tilapia > lobster > crab. However, the values in the three organisms are significant.
e carbohydrate values are highest in the fish, closely followed by the crab though they are not significant. Carbohydrate is significantly lower in the lobster than the two other organisms.
e mean concentrations of heavy metals in the three aquatic organisms are presented in Table 3 . e heavy metals were analyzed for in both fish muscle and liver. Chromium was highest in crab and then in fish muscle and lobster. It is significantly lowest in the liver of fish. Cadmium is highest in lobster and significantly so in comparison with values in the other two aquatic organisms. is is followed by crab, fish muscle, and fish liver. e values of lead in all four samples analyzed are not significantly different from one another. It is highest in fish (liver > muscle), then crab, and lowest in lobster.
Discussion
e three aquatic species are good protein sources. Protein has been reported to be the most vital biomolecule in As opined by them, these differences may be attributed to absorption capability and conversion potentials of essential nutrients from their diets. Furthermore, in this case, it may be as a result of differences in the aquatic environment from where the fishes were sampled. Comparing human consumption preference in the three organisms, fish, which had the lowest protein value, is the most preferred. e reasons for this may not be far-fetched. First is that fish is more readily available than the two other organisms. In addition to this is the fact that it is very tasty for the majority of its consumers who may be unwilling to trade this for other tastes. Secondly, the aesthetic value of fish is higher than the other two, and unfortunately, some persons do not even regard either the lobsters or crabs as sources of meat. Lastly, the size of the fish is also a factor. As can be seen in Table 1 , fish is bigger than the other two animals. is will mean that a single fish will feed the same number of persons as about four or five crabs and lobsters will do if they are to be considered as alternatives to fish, with the possibility that it may even cost more. However, as can be seen from this study, it may be important to educate persons to put the sentimental attachments stated above aside when it comes to the choice of food (specifically protein) from the aquatic environment, and begin to look at other aquatic foods. is is because other than the fact that the lobsters and crabs have more protein than fish, their carapace is also a very rich constituent of calcium. Calcium is one of the major mineral elements that must be ensured is not in short supply in the body. Its primary function in the mineralization of bone cannot be overemphasized. Added to this is its function as a cofactor in enzymatic processes and its participation in the structure of the DNA self-repair system [27] . Moisture content of a given sample is the measure of its water content. e results in Table 1 showed variation in the values of moisture content obtained with tilapia fish having the highest moisture content (72.22%), followed by lobster (71.63%) then crab (70.60%). e skin of fish is soft compared to the thick carapace of lobsters and crabs.
is allows for easy permeability of water through skinwater interface, as such can easily acquire more water into its body. High moisture content is good for organisms as it will allow enzymatic reactions go on smoothly. However, high moisture content can also be disadvantageous by making the fish susceptible to spoilage by microbes, increasing oxidative degradation of polyunsaturated fatty acids and ultimately decrease the quality of fish thereby reducing its preservation time [28] .
Ash measures the mineral content in an organism. It is the inorganic remnant of burnt organic matter. e results in Table 1 showed ash content in the three organisms in the order crab > fish > lobster. e differences in the concentration of minerals may be influenced by different factors including seasonal changes, age, sex, size, and sexual maturity, food source, and availability in the respective habitat of organisms and other factors such as water chemistry, salinity, temperature, and contaminants [29, 30] .
Lipids are an alternative energy source in times of fasting and starvation. As can be seen in Table 1 , tilapia had the highest fat content (1.42%) and crab had the least (0.54%).
e fat content was significantly higher in fish. Fats are important in the structural and biological functioning of the cells. In crustaceans, not only do lipids function as the main organic reserve and source of metabolic energy but are also indispensable in maintaining cellular integrity. Generally, lipids act as major food reserve together with protein and may fluctuate periodically due to environmental variable like temperature [24] . e differences in proximate composition could be due to structural makeup of their bodies. e skin of animals in comparison to carapace is a rich area of fat. e three species can be ideal diet foods.
e mean heavy metal loads in the bodies of the three organisms are presented in Table 3 . e mean concentration of chromium in tilapia fish, liver of tilapia fish, lobster, and crab were 4 ± 3.0, 1 ± 0.00, 4 ± 1.00 and 5 ± 1.00 mg/kg, respectively. e mean concentration of heavy metal in crab was the highest compared to that in tilapia fish, liver of tilapia fish, and lobster. Chromium has been implicated in increasing the risk of lung cancer when it aquatic organisms which harbors it are consumed [31] . It has been reported that accumulation of heavy metals in a tissue is primarily a reflection of water concentrations of metals and exposure time [32] . ese reported values are probably a reflection of the level of chromium present in the water body. Naturally, chromium gets into water bodies through leaching from topsoil and rocks especially during rock weathering. ere are no rocks in the areas of this water body, and so chromium may not have got access to water through this means. Anthropogenic activities like electroplating, leather tanning, and textile production are the other means by which this heavy metal may escape into the aquatic environment [33] .
ere are probably pockets of these activities around the water body but obviously they are not introducing chromium into the water body in scary amounts. e highest mean concentration of chromium (5 ± 1.00 mg/kg) found in crab is relatively high; however, there is no significant difference in this value and the values in fish muscle and lobsters. A plausible reason for this might be that crabs also eat a lot of aquatic insects (Table 1) . Aquatic insects have been reported to be very good indicators of heavy metal pollution; they accumulate it in relation to water concentration levels [34] . is is because chromium is a trace element that plays a very crucial role in the metabolism of glucose [35] . Deficiency of chromium may lead to slow down development and can also disrupt metabolism of protein, lipid, and glucose [36] .
e mean concentration of cadmium in the tissue of the three species and liver of tilapia fish is presented in Table 3 . e mean concentration of cadmium in tilapia fish, liver of tilapia fish, lobster, and crab were 2 ± 1.9, 1 ± 0.00, 21 ± 1.00, and 3 ± 2.00 mg/kg, respectively. Cadmium levels are very high in all cases. is may imply serious health risks for its consumers. Cadmium is considered a very toxic heavy metal. ere are two reasons why cadmium toxicity is a major ecological concern: its ability to accumulate very quickly and its slow process of depuration [37] . It can induce pathological changes, ranging from necrosis in the pancrease, engorgement of blood vessels, and vacuolar degeneration of hepatocytes [38] . e significantly higher values in lobster as compared to fish may be due to size, in terms of length and weight. According to Velusamy et al. [39] , the size of marine organisms play an important role in accumulation of metals. Nussey et al. [40] and Widianarko et al. [41] both reported decreasing values of heavy metal load with increasing length of animals.
is difference can also further be explained in terms of feeding behavior and habitat. Tilapia is a primarily herbivorous fish, depending mainly on food of plant origin as can be seen in Table 1 , which means that they occupy a lower trophic level. Lobsters, on the other hand, are omnivorous, additionally utilizing food of animal origin making them diverse in their food choice. is diversity will lead to higher biomagnification [42] . Table 3 shows the mean concentrations of lead in the tissue of the three species and the liver of tilapia fish. e mean concentration of lead in tilapia fish, liver of tilapia fish, lobster, and crab were 29 ± 2.1, 31 ± 1.1, 23 ± 1.3, and 28 ± 1.4 mg/kg, respectively. e lead concentration is very high. Anake et al. [43] had also reported high levels of lead from different water sources. ese findings might indicate the high presence of lead distributed all through this water body. A lot of anthropogenic activities like exhaust from automobiles, agricultural runoff, and fish antifouling paints would have cumulatively introduced lead the water where it is readily available for uptake by aquatic organisms [44] . Furthermore, the liver of fish might have tendencies to accumulate high levels of heavy metals. is may be due to the detoxification role of the liver. Benson et al. [45] also reported high mercury levels in fish liver. is is very threatening to the health of man considering the effects of lead toxicity. Brain damage, paralysis, anaemia, and gastrointestinal symptoms are a few of the symptoms of lead toxicity in humans.
In conclusion, the three seafoods have shown to be good sources of nutrients which are essential for the maintenance of a healthy body. While the lobsters and crabs are particularly rich in protein, the fish is rich in lipid content. Unfortunately, despite the richness in protein of lobster and crab, they also harbor high heavy metal concentrations. However, these high levels are obviously a function of the pollution status of the particular water body as this heavy metal levels is high in all organisms sampled. Other natural water bodies, with no or very low heavy metal pollution, and where these aquatic organisms live should be considered as good sources of aquatic food. e high levels of heavy metals pollution reported here calls for concern. It will be important that regulatory agencies monitor anthropogenic activities around the water body in order to avoid crisis to human health in the near future.
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